323 words). 27 Background: In bacteria, pan-genomes are the result of the evolutionary "tug of 28 war" between selection and horizontal gene transfer (HGT). High rates of HGT 29 increase the genetic pool and the effective population size, resulting in open pan-30 genomes. In contrast, selective pressures can lead to local adaptation by purging 31 the variation introduced by HGT, resulting in closed pan-genomes and clonal 32 lineages. In this study, we explored both hypotheses elucidating the pan-genome 33 of Vibrionaceae isolates after a perturbation event in the endangered oasis of 34 Cuatro Ciénegas Basin (CCB), Mexico, and looking for signals of adaptation to the 35 environments in their genomes.
ranging from 2.86E-05 to 0.0051, while Clades I, II, and VI had higher levels of genetic variation, in the range of 0.011 to 0.046. When estimating the nucleotide 227 diversity for Sub-clades belonging to Clade II (described below, see Additional file 228 1: Figure 4) , we found lower values in the range of 1.61E-06 to 5.47E-06. This 229 same pattern was observed for the θw values (Table 2 ). Due to the number of 230 individuals we could not obtain Tajima's D estimator for Clades I and VI. For the 231 rest of the clades Tajima's D values were negative, except for Clade II that had 232 positive values. 233 Since most lineages present a closed pan-genome, we tracked the 234 footprints of recombination by using two different approaches. The first approach 235 consisted of assessing the recombination in each ortholog group. The second 236 involved the identification of recombination signals based on a whole genome 237 alignment. With the first approach, we found that from the 15,380 ortholog clusters 238 analyzed, only the 11% (1,759) showed significant signal of recombination 239 (Additional file 2: Table 6 ). These recombination events occurred more frequently 240 among isolates of the same environment and pond, suggesting reproductive 241 isolation associated to an environmental variable (Figure 3 ). However and despite 242 we considered in our calculations the pan-genome size, number of strains per 243 clade and branch length, it is also true that most clades are conformed by only 244 isolates of water or sediment. Therefore, we propose that the frequency of 245 recombination events is mostly restricted to occur within clades (Figure 3; 246 Additional file 1: Figure 5 ). 247 In the case of the generalist Clade II, we found sub-structure. Using Nei's 248 genetic distances, we identified ten genetic groups (that we will call Sub-clades 249 therefore) with distances greater than 0.001. The discriminant function shows the 250 same structure as the Nei distances, reflecting a broader relationship between 251 Sub-clades A, D, F and G and B with C and E. Meanwhile, H, I and J Sub-clades 252 had dissimilar sub-structures (Additional file 1: Figure 4 ). Since only three of the 253 Sub-clades contained more than two isolates, further analyses were just performed 254 with the larger Sub-clades (A, D and G).
Following the second approach, we evaluated the impact of homologous 256 recombination and mutation within lineages estimating r/m using the clonal frame 257 software [43] . This measure reflects the ratio of probabilities that a given 258 polymorphism is explained by either recombination (r) or by mutation (m). Clade VI 259 displayed the lowest r/m values=0.0052, while Clade I (i.e., Photobacterium spp.) 260 had the highest value in our dataset, r/m = 2.72 (Table 3) . We also performed the 261 same analysis on V. parahaemolyticus, V. ordalii, V. anguillarum, and P. leiognathi 262 reference genomes, all isolated from marine environments. For the marine 263 samples, r/m estimates were within the range of CCB strains, except V. 264 anguillarum, which had the highest values (Table 3 ). This analysis also shows that 265 some recombination events are shared with Vibrio spp. references strains 266 (Additional file 1: Figure 6 ) supporting the hypothesis of ancient origin of these 267 recombination events even though more recent recombination events were 268 detected only among CCB strains. This indicates that homologous recombination is 269 a constant source (albeit relatively infrequent) of polymorphism in the analyzed 270 strains.
271
Estimates of effective population sizes.
272
Using a simulation approach with the Fastsimcoal2 program [44] we estimated the 273 posterior distribution of the effective population size (Ne) of each of the six clades. 274 We found large population sizes (Table 4) Table 7) . A GO enriched analysis was 291 performed in order to identify those biological functions overrepresented given 292 those ortholog clusters with positive selection. Seven Gene Ontology (GO) terms 293 were enriched within these families. (Table 5 ). Moreover, based on a whole 294 genome alignment, we obtained 38,533 SNPs variants, from which 26,663 were bi-295 allelic characters that were used in an UPGMA analysis of genetic distances. This 296 analysis produced the same clustering as the core genome phylogeny ( Figure 2 ).
297
As well, with this SNPs we performed a membership probability test, which show 298 that all the isolated had the same probability of been isolated from any pond and 299 environment (Additional file 1: Figure 7 ). 300 We found on average 2,473 private (unique) SNPs for each one of the nine 301 ponds, 33,655 private SNPs for water or sediment environments, and 29,141, 302 private SNPs for each of the six clades. This abundance of private SNPs suggests 303 an effect of the environment, either by local adaptation (selection) or by genetic 304 drift (low effective sizes or little or no gene flow). 305 We removed the SNPs with a minor allele frequency < 0.05 (771 SNPs 306 removed) and we kept the alleles that were found in at least three individuals, for a 307 total of 25,892 SNPs. Within those SNPs we detected a total of 598 SNPs with an 308 association to the sediment environment. A UPGMA analysis of these 598 SNPs 309 was performed in order to infer the similarity between samples ( Figure 4 ) finding 310 most of the clusters previously observed with the core genome phylogeny ( Figure   311 2), except Clade III, which appears inside Clade II. Moreover, the mixed isolates of 312 Clade III fall among the Sub-clade G of Clade II, most of them were isolated from 313 water environment, as well as members of Clade III (Figure 4 ), suggesting a 314 preference for diluted, unstructured environments.
To analyze the distribution of the SNPs, we mapped the above detected 598 316 SNPs to their positions in the genome alignment from where they were obtained, 317 moving in 1 Kb windows. A total of 144 genomic regions containing SNPs were 318 inspected, and we found 237 ortholog gene families in these regions. From these 319 ortholog gene families, only 24 showed recombination signals, while 18 had 320 selection signals (Additional file 2: (Table 6 ).
325
Besides those analyses, based on pan-genome information, we looked for 326 specific coding sequences that could be private (unique) to a specific pond, 327 environment, or clade. There were no specific genes associated with a particular 328 environment or pond, but we did identify ortholog gene clusters exclusive per 329 clade. From Clades I to VI, we observed 1280, 10, 72, 23, 72, and no exclusive 330 ortholog gene families, respectively. For each clade with exclusive ortholog gene 331 families, we looked for enriched GO terms. On Clade I the term related with 332 bacteriocin immunity was enriched; Clade II were enriched with terms associated 333 to siderophore transport; in Clade III the category related to the biosynthesis of 334 lipopolysaccharides was enriched; and on Clades IV and V there were enriched 335 terms related to tRNA biosynthesis (Additional file 1: Table 9 ).
336

Discussion
337
In this study we performed comparative genomic analyses to understand 338 how evolutionary forces shaped the pan-genome of 42 Vibrionaceae strains 339 isolated from CCB, where environmental filtering is believed to increase local 340 adaptation due to extreme stoichiometric bias [27] . In our study we described how 
362
In this study we explored the evolutionary dynamics after a natural 363 perturbation (in this case a flood) changed the ecological condition in CCB in a 364 particular site (Pozas Rojas), generating a temporarily more "balanced" 365 stoichiometric proportions (i.e., N:P 20:1). We know by meteorological data that 366 similar floods occur at CCB sporadically, due to the low incidence of intense storms 367 (i.e., three since 1940 [48] ). The flood moved to this low land a large amount of 368 debris that with time, generated an increase in nutrients, in particular phosphorus 369 that opened opportunities for the "rare biosphere", represented by standing 370 bacterial lineages usually found at very low proportions, like the rare members of This study corroborates the importance of recombination in Vibrionaceae, We estimated the core genome based on presence and absence of gene 585 families across the genomes. If the genes were present in all strains, the orthologs 586 were classified as core, while genes were classified as accessory when present in 587 more than one strain but not in all of them, and unique genes when it was present 588 only in a single strain. Since most of the genomes in our dataset are not completely 589 sequenced, we designated core ortholog families as those present in at least 95% 590 of the genomes, to avoid the impact of missing genes due to sequencing or 591 assembly artifacts. 84. Snipen L, Liland KH. Micropan: An R-package for microbial pan-genomics. The first column shows the Clade ID, next is the number of genomes used for the 1087 analysis regarding each clade, followed by the general metrics of pan-genome, and 
Tables
